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Visual lJtility for k localization of (;o]*()])a-Acct:lcl*atc(l Nuc]ci

J. Spagnoolo  JI.,”  ~ccilia CIIcn~,, + LJ. M, Schwo((kc.,  ] and f;cli[x  }Icrvias”’

Jet l)rol~l([.riotl imljorotol-), C’{]lr’jort!irj  Itj.$lillllc of 7kcli\lolog>, f){i.<[{dctl[t, C[tl;lortti[!  9 1 1 0 9 . 8 0 9 9 ”

TIIC  proton prediction system  dcwlopcd  lIy  SmaI-t  and  SIIca  (Snlarl,  l). 1., and SIICO, h’t.  A., “1’1’S76 A (:omput-

cri7,cd  ‘I;vcnl  Mode’ Solar Proton Iorccasting  Iccl!niquc+”  So/ar 7krrcs(rio/  l’rcdictiort l’roccrdin~s, edited by R.

l;. I)onrrclly, Vol. 1, National Occaoic nnd Alnlo\pt,cric  Adlllitli\tr;\t  i{Jrl/l<;!,virf,  rltllcll[;tl  l<c\L’a IclI  r,al).,  [1.S. I)cljt,

of Commcrcc,  1979, pp. 406423) provides tllc approxinliitc  mn~nilodc of IIIC flIIxc\  of  sol:lr-ll;l  rc-cjcclc{l ]]rotons

in Ihc  vicinity of tkc Ikrrth.  A syslcrn  is dcscrihcd  that extends Snlart  and SIIca’s  wol-k  ill llIat it prcdicls (IUXCS

of sock pro[ons  at  arl}itrary  poinls  of the inner kcliosphcrc  near fhc  plartc  of ttic  snlar  equator. II  }Ia$ intcracti},c

gtaphical  conlponcots  that cr]hancr the user’s overall perception of a flare’s effects Ilpor]  the solar Systclil  while

also  prrwiding  prccisc  mscr-rcquc.  slrd dattl,  ‘[’kc  flux  prcdiclion~  o f  IIIC .sy.\Ic  III a~rcc well  w itll  proto!~  1111 xc.\  a~

ntcaw red  bj’  various spacecraft. Results  arc ~ivcn.  A datatx+$c  of flare cvcnls  is maintained nnd  rnn  IIC used for a

rclroacliw  analysis when il  is rfcsircd  to know the nlagniludrs  of  potential proton  Iluxcs  (I(ic  10 a prcviou\  Il:]rc,

(1

(/[1, y)

J<>
(t,,. \’,,  )

f
> -poirll

f -s(1(1  pkmc

i,

[

1

7,

I -Iroirll

T sill) I)l,lllc

4A
(j,

4)1

d, ,

Nomenclature
distance from lhc son to a point onctcr discussion
divided hy a quan[ity  discussed in [;(]s. ( 15- 22.)
(Iistaocc from a poinl or hcrdy J 10 a point or
hod y y, km
radios of [hc son
ccrordinalcs of a froin( h mitt) rcspcc( {0 2
hclicrccnlric coordina[c sys[cm whose .! - Y plane
passes throogh lbc solar c([uator
ccntcr of [hc Ikrr[b
poinl  conlaincd in [hc in[ctscclior]  (II s-s[lrl plaIIc

and solar  cqualor  tturl is cl(~scs[ 10 I{:]rll]
I)lnnc  containing (hc ccn(cr of [hc firrlh and [hc
[mrlll ancf south poles of tl)c S(]II
I]clioccntric Ialitodc  of tl]c solar f)a[c L’. rad
M@C LISd [0 fOrlll  [hC Spir;li  SbapC  ;1$ diS(USSC[i
irl Ills (15- 22), ra(l
[ill arbitrary pcrin[ in sp:icc
:) poinl in slmc.c al [msi[i(~n  I

poin( in tbc in[crsccli[]n  01  I -s~lr)  I) IOIIC  LIII(I  solar
L>ll(ld!ol  tt)al  is Closcsl [() T
plarlc c(ln[aininp  an arl~itr:lry  lN)II1[ in sf);Icc r :irl(l
[IIC nor[h nn(i sou[h pnlcs of {IIC S(III

A!chilmdcan  angle, raci
I)clioccntric  longifudc  of Ii>c solar florc / wilt)
[c;pcct [0 [iarlh,  rad
vcrlic; ll anr,lc  hctv.,ccr] a Ilrlc 1, posiinp. [llro(]~,ll
Ilm sul~’s ccntcr and Ihc solar cqualor. r:l(l
angle. hc[wccn  (tic 8 poinr nrl(l  [tic T poirll  aln]):,,
tl]c solar equator,  rnd

lntrodudion
rll Ill; l{i; is crrnsiclcrablc con(rovcrs},  as [0 whc(bcr  Ilarcs arc tllc
1 sole procfuccrs of cnergclic prot&s or v,l)cll~cr corona] mrss

cjcclion\  play a ccll(ral  role. Wc note that  the sys~cn]  dcscrihccl  in
Ilris pallcr is}]rcscll(ly  ca[lablcofcor]]p~]lir]~~,  flux prc(liclions  only for
protons a$socia~c(l  with solar- llarc ac(ivity.  “1’t!c (ccb!]i(lucs usccl in

I< CIXIVL4 April 20. 1995:  !cvision  rcccivcd  h4arcl! 2, 1996. acccptcd  fm
put,lwa[iort  Marcfl  2, 1996. [opyrigh[  (Q 199f,  t,y the authors PLIbl  Ishcd

hy tlIc Al[lcrlcan  Il)stiru[c  of Acronaulics  and A s t r o n a u t i c s ,  lnc with
pcrllll$sion

“Scnicw  hfcJIdwI,  “Icchnical  Staff,  Information SysIcIIIs  [)cvclopn]cnt  and
opcrolicmf  I)ti,isio[l

‘ Mcl!i,cr, “lcclIm(  [II  Staff.  In for[lmtion  SysIcms  I)cvclopmcnt  ond  oper-

ations  I)iv]sicm
‘[ir,wp  [.cadc[.  Advanced Mul!imissirm  Sof(warc  “lcc  IIIIolo~y  Ciroup.  111-

i~)l!l!:lrion  Sy.rcm  I)cvcloprncnl  and [)pcra[im]s  [)]vislon

[his  paper (lo not permit Ihc irwlusion  of a stlock-:lssoci:  i[c[l  particle
incrcasc such as is Ot’[cil pfcscn[ 3( the p:l, ssa:c of an inlcrplanctary
shock, l’hcrcforc.  cvcrI if’ no[ explicitly sra[cd,  nll pro[rrr] flu,scs dis-

cussed in Ibis paper will bc lboic nssociatc(l wilt]  ffarcs
Sr~l:]r- flnrc-:lss(lcia(  c(l pt]cl]onlcna  call cause a wricty o f  dilfi-

cultics i n  Sl)2CCCrilfl  nlisiion oprr~llinm 1 I)cl:]ilcd  knowlcctgc  o f
lhc Inlcnsiry  0! (I)c plol(m fluxc$ over (itnc Irorr an rrlmcrvcd solar
Ilarc can pr(widc  irllorn]:lli[,n [n lnissinl) personnel (I!a( woold cm
:illlc  Il)cl]l  r(j ln\l]i[lli/c  (tic cllc[(  01” flu[cs ()!] opcrzl (ion<,  I:ur[bcr,  if
m[])c ;ispccl of’nlis~!on  (jl)craliof]s  cxbihi[c(l Ilrlcxl)cc[cd  bcbov  ior in
lhc p:rsl, il woul(l bc uwl’ill  [o rwlc ou[ or (Iclnons[r;llc  Ibc pmsihili(y
[1]0( sol:ir-f lfirc-;  lss(lci;  l[c(l  phenomena ruigll[  Il;lvc tmcn (bc s(mrcc
01” ltlc prohtcnl.  SLlctl :1 rc(r(J:lcli\,c  anolysis  tlo~ :IIIca(ly hcc[l ( t o n e
\virl\ rcspcc( (o Lfors ol)scrvcr”  :Irid ‘ltIpcx ~

M(lcll  w[)lk  I)ai  I)ccll cloIIc  [Jndc[er}llirlillg  II)c  c[ircli[[ lor[)lccllc[-

inp,  lIIC  imp:lcl  ofs(~l;ll-ll(ll~-cjccrccl  prorrmi  U[)O(I  IIIC [k[rth,4  Snifir[
;In(l  Strra $(’ and I lcc~ltl~n c[ al.’ lIavc  dcvisc(l  Ili(xlcls  [11:1( prc(lic[
IILC (lLIXCS al P.:lrll]  on IIic Imsls  01 ccr[atll cl[.cll(~rll<ly,rlclic indicators
\rrIf (IU1 II} (tm [lmc,\ ‘1 IIC SIII; III-  SJIc2 awl Ilc(ktll:lr] JI)OIICIS  y i e l d
ll(l\ (I:ll:t i’(,r IL:lrlll [Ilcll :IIC :, Cl ICI<Illy wllllll]  on (,rtlcl 01” ma~rlitn(lc
()( tllu rr;ll fl(lx  V:IILICS

II \\:]\[lcsilL(l r[)(lclcl!llirlc  i~llc[ljcr  tll[. i]rl[l{ll>l!ly  i[l~.;lsof  :IIIy of
ll)cw  ckisllny \ys[cnl\  c(NIld  t)c ycrlc[:lllzc(l  [() [MLXIICI plolon” Ilukcs
I“(11  p[~in(s 01 Illc  s(ll:lr sys[clll OIIICI ttlan  I;; IIIII,  1[ U,;IS  also (Icsilcd
ro :Id(l approplialc  ~l:lllllic\ thar  would cr]h:irlcc (IIC  Ilwr’s o v e r a l l
pcrccpr  ion o f  rhc sol;lr  Ilor[’s cI”I”LcLs Lllmn tl)c sOI:II  sys[cn] w,t)ilc
plovidinp,  ;II :II1y rilllc, I)lc{iic :Irj(l.;mw[arc  IIUX cl:lt:i ‘1’lw wl; 11 -
Ilarc [(ml dctclopcd I’roll] (Ilrsc  slwcilica[iolls  i s  cal led [bc visual
u(ili[y I(N tbc I(,c:!lilaliorl (~fcol(l!]:i-occc}cr:ilc(l  n[]clci (VU[.~AN)
an(l is namc(i afrcr (bc I<oln:lrl  :OCI of flrc. “1’IIc h:t~is for VU I. CAN
is (tic Snlarl-  SIIca nlodcl.f “ rcl’erred to as 1’1’S86, Sn)ar(  an(l Shc.a
(Ic.scrihcd  how  fo cx(crd tbcir  rnodcl [O (}IC inner hcliospbcrc  near
tbc rllor!c 01 (tic sol:tr  coualorh  “ and were rc:l(lilv  awilablc  for dis.
cuiiions on (Ilc sricn[ilic a\ \vcll :1$ prac[ical  aspects of [Ilcir work
“1’}tcsc  rcasoms, fogclhcr  wirll fl)c ]orlg cl[,c[ll]lcr~r:llr[)!i  irnd imp]c
n]crll:l[inr) tlislory (ll:l[ilL’(Cl  i/il)f? 1’1’S86. nl:I(lt  it :1 ~oo(l  cljnicc for
(IIC  lM\t\ 01 VI JI.C’ Ah’.

V(J[.(:AN ,CI!CS OH 1. X-A pc;lk x-rciy (1:1(0 f’[om r h c  Natiom!

occallograpllic” an(l Alm(I\[~l)cr’ic Aclr]]ll~l\t(i\[ior] ( N O A A )  ill
llouldcr.  Colorado, for in(lica[ ion of solar-flare activity.  “1’hc  peak
flux,  the lilllc (II dclcc[ ion, and LIIC Ia(iludc aIId Io!lp,  i[u(!c  assoc’ialcd
with !hc flfirc arc also scr)t I: Iuxcs resulting from pro[on procluci  n?,
Iocotions  ou(sidc  of Itlc visihlc I fl(hdcg orca for [krrlh  arc not ccml-
putcd by VLJ[CAN, as NOAA is no[ ahlc 10 nccluirc  the requisite
x - r a y  dato i(cquifcd planc[ary data ore providccl  hy (hr  SI’IC}; l’]
syslcl[]  ‘1’f]c SI’l( ’l:. syslcm  provi(lc:< cpt]clljcrls  data and ass(mia[c(i
solrw:irc  Lll;i( acc~rra(cly  corll[)~ltcs ttlc prrsi(ions  of [IIC SOT), plan-
cl{,  spocccr’!lr. and o!ttcr (cksrial bodies of irl[crcsl  over spc.cific(t
pcri(x!s  (~1 IIIIIC A(lvoT)[:IKc\ of’ using VLJI  ,[:AN irlclu(lc improve.(!
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clll[ ICr ICy Ill wllvlllg ~!(j(l[l+lillk  al)(l lr]\tlLllllc!bL.tll(lrl  I:hlltltv Ilr<lt>

lcIII\,  ~pcctlic (JixJIm\  Iclal Ing  I(1 IIIC drli Iy (II C(l II II II LIIIIC:III(~II\  II(-

(wc(.1) p,r(wnd  \Lali(Jll\  UII(II p e a k  (h~{urlmnw~ lIavc  iuth!dcd,  and
l)(l\\itJlc  (Jppotlunllics Ior cond  LIcl IIIp, iclcrlcc (Illsclva(l(III\

(’(mllm!iwmf OIV(I1.  (’AN’S flux coIIIpuLa(IoII\ vs mc, I\uIcd III(I
l(Irl (l(rxrs (Clr SII:I(L,CI<II(  I n  ltw ir)(icl  ticli(}fphcrc nc;lr [IIC l>lalm of

(IIC wIla I cqwItoI  am lIrcscr  Ilcd  ill  [IIC Iasl  scc[Ion  1)1 Ihc  p a p e r .  Pm

~x)illtj  o~lisiclc  (I]is  rcgi(~n, (IIC  val Icl I[y of” [Ilc VUI(’AN s(lttwarc  IS
Icsj ccr[ain I lowcvcr,  VU I.CAN has Ihc cnpabili[y  c)llr]co!l)(]rcl(lrl~
all~ilra[y  I[ajcc(orics  in(() i[s  graphics and colll[lLI[:I[iorl:lt  nmdulc$ [0
clcrivc a p[cdic  [ion ol ffuxcs al points away from ttlc solar cqoalor
ou[ilclc Il]c inl!cr hcliosphcrc, thu\ cnat)ling fLl[urc cx[)clil~~cll[:lll(lll
wfl[tl II)c pro:lanl (() dclcrminc  Il)c Illili[s of its accofacy

}!VCII [ti(lLl~,l\  SnulrL  nnd Shea [)roduccd spccifica[lun( for cxlcrl(l-
inp. (hci] prolon p[diclirrn model, o[hcr techniques havinj,,  o gcnnm -
Iir al)d analy(ic  na[urc  lI:Id  [o hc de\,  cl(I[)cd 10 Llcillla[c  (hc  mcr~,  inp,

ol llIcw spccillca[ions  wilt)  [heir already cxisling [hcory [c) prod Llcc
V~Jl .(’AN,  Aside from the discuss!olls  (If [Ilc graphic~  displays, tbc
plcfcn(fi[ion of ccrt:iin of [hcse Illa[llcma[icai considcra[ions char-
aclrrilcs  Wllal follows.

Narc-Angle Iktcrmination
11:1(  fqy[]lln(l

[)ata required 10 rL]n VIJI.C:AN a!c (~h[alncd fron] [tic SpICc I.II-
\,i[t)I]l[]cn(  l,at)[]la((~[y  of NIOAA ]n l]ouldcr,  (:olo[a [lo III  ;ICICIIII(  III
I() [Iaranlc[cr  \ rclatil):,, 10 [hc [imc ol[hc  Ilarc and its  a\ SO CIa IL>d  xray
data. [tic lal Iludc ad Iongituclc  01 the fla Ic wi!h rcspcc[ [O Illc l:arlh
:Irc ol>lairic(l “1 IIc cx:lcl !ncallin~~  01” II)c l]t]ra~c lalIlu(lL,  :!!)(I lclI)yI-
ludr  ul[h rcslm’t  [o \ WIII hc given In lhc frlllowi!lg dlw’L1\\lolt ‘[ tlc
llLi[lN)sc ()( [I)c IIa[r  cx[lapola[iol) alyollltllll 1s L() \lsc [Ilc I{i[IILl(lC arid

I[)npll(ldc  01 ii Il<i!c wilt]  Icspcc[  I(J l:ar  LII  ((I dc{crllllllc  It!c  I(K:I(I(III
(II rllc  (l:IILS I{i(ll Icspcc(  I(J an arllili  C[(\ ~](1111( i n  s(I:Icc  al 14111C II i${$

WISII 10 Lor]lll(]lc LI]c ~luxcs

\l,.A(,  YLlrll  01 I .A1 7?3
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I;lp,.  1 141  (II aIId  7 lIllInc\:  a )  s i d e  Iwrslwclivc  mId 1)) lolt l~cr~pc((i~(
of (-s11!1 plan{,  ;111[1  7- >1111 pl;lll  l’.

\vlli tl(’  UIVC1l  [() lt!c  allylc rj)$ , t)a~cd upon c{lllsidcrall(~lls  pr~fcrl(cc!
lii IIlc tollouirl~.  Cllsruiiion

A( lncn[io[icd car[icr, lhc Ialilwic  a n d  Iorlgiludc (1I [hc Ilarc arc
colrlpu[cd  and SCII( 10 V(11 .( ’AN by P4[)AA at k~ouldcr,  ( ‘olorad[)
L.alltudc is n)casurcd  in (hc intcrva[s [(), n/?] and [(), n /?] goln:.
flon)  lt)c solar  CCIL)a[Or  10 norlh  prrlc  arid Soll(h pole rCspcc(ivcly. As
Iabclcd in };lg. lb. posi[ivc longi[udc (from the car~h’s pcl-sl~cc[iic)
is measured ccron(crclockwise (from ttrc vanlagc poin[ of the north
p o l e )  o n  ~bc solar  cquam in [k in(clva] [0, 7r], where () is Lhc

F po!rt( Ncgfi IIt’c Iortgltudc  is rocmurcd clockwise in t}lc irlfcrval
[0, 71 ]. ‘1’hc lon~itudc of a flare as sent by NOAA is appr(,xima[cly
ill the ln(crva! [- n/2, Tr/2], since it has to I)c seen hy E.ar[h “1’hc
Icrngitodc of a flare wilb rcspcc( 10 an arbi(rary poinl T in space is
sut)jcct [0 (IIC san]c inlcrval  conventions as nlc.n[ioncd  ahovc cx[cp[
[hal [hc (larc longitude is measured in rcla[ion  10 T. The thcor)
under ly ing V(I1  .C’AN is such [hot if it is dcsi[cd to coropurc the
flux at a point in space, (hen (1IC Ia(itudc. and longi[rrdc  of the ftarc
w i t h  rcspccl [o lhat point (rncasorcd as cicscribcd  ahovc) musl  hc
usc(f in lhc computation. If 1. is a line drawn from the surl ccntcr
to [bc poin[ in space, then the Ia[itudc c~f the flare with rcspccr
to rhc poirlt is c[isily  g i v e n  b y  AF - @l Ilcrwcvcr,  the lrm~,i[udc
of [hc ffarc from NOAA is given with respect to the ~-point and
no( with respect [0 a fixcct location on the sun (as Ia!itu(lc  is wilt)
respect  to lhc solar equator), I’bcrcforc, the longitude of the ftarc
has to bc adjusrcd in a n]orc cornplicatccl  fashion 10 contputc I}W
flux for points other than at [;.ar[h ‘1’hc pLlrfmsc of the tlarc-angle
cxtrapcrlalion  al~orithm  is [0 cornpu[c this adjos[ccl Iongi[urk  gi~,r’rl
[he lorl~iludc  of tlIc Ilarc as scn[ by NOAA 7{) derive [hc pro[)cr
[on:, i[udc to compLIlc  rhc flux a( a poillr  z , \vc r!lus[  usc rtlc f lare
I(lrl$i(uclc  will! rcspccr (0 f;arlh  a n d  (1IC lorlgllLldirral  aIIglc  @, , that

is a$ stmwr!  III  I;I: IIJ

A [!clll(lll~[l,l[iclll  of wtla[ is invo!\,cd in [t Ii\ cor!lpu[aliwl  ]fIvLll\L’\
a cull~ul(atior)  ollr: 2 ‘1’hc quarlt itics @, ,1 and 4,,,,2 a[c Llic a(lplci
hc[wccrl  (lIc  lialrh  and [hc Imints  a[ Imsitinlls  I arid 2, rc,sl)c(rlvcl!
“l”hc  position~ of [hc planc(s arc cc~rnputc.d with rcspcc~ to al) I \. :
cocrrdinatc sys~cnl v.fhcrc lhc 1- y pl:im is ~bc  f)lane  01 r h c  wlaf
equator. ‘1’hc quadran[< arc nLln~bcrccl as indica[cd  In ~,c,ncial, [()
dctcl [ni[]c [tic lon~:i(u(lc uf a ftarc \t,itl)  respect 10 [i puin  111 sl~acc,
rtlc alp,  orirhlil fr[sr co Inputcs [hc n]:ig[li[odc OILIIC  lol)~,ituclrr]cil  anylc
t}ctuccn (Ilc ( poirl[ and  ttlc z poi[)l in  space a~ dcliilcd [, III ICI 1)!
c~an)lninp.  (hc flare arl@c, [hc llarc cx(rapola[ioll  al}!(IIIIII)I d{IL’\ d
c;i\c-hy-ca\c  analysi\  based on [hc quadrallt\  [tic lllanct\ ;IIC III ‘1 t]c
quad[drl[s are t]a\Ld olIol  I IIlc s lmin[  ard the r ~]oi[ll  a\ dIsLu. \cd

C(IJI  ICI, LJsinp,  lhL’sc cases, rhc proglalll  dclc!l)lir]cs  WI JCIIICI  r[) add
pl(l<o! mi[lu< ttlc a[lglc t)ctwccn Ltlc lxir[tl H[id I to  tlIc :ilrv,tdy k[l(l!vr)
tla[c angle @I (Sivcn  with 1(’spcct to Iiarlh),  to oh[airl tbc any]c
t)ctwccl}  r ard Ltic tlarc.  F o r  chanl[)lc, if rtic Ilarttl  is irl quadra(lr I

.

II

I

l:i~.  2 orlli(al pcrspcclivc  o f  frrhilr;lry  poin(s  ;Inri I;artll.
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1 i~. 3 Srrmc  positioms  rcquirirrg arclangcat  (rcalmcnt.

and it T is ill qundranl [Ii, rr Sanlpk  oricnla  lion of which is shown
irl I if,, 2, tbcn the angle hc[wce.n  the target rrt position 1, TI, and [hc

llaIc isdl - r/,, ,,. iflbc l~ar(his  inquacfrant 1 and r isinclLladranti  V,
then (Iw aIIElC  t~c[wccn  the flare and 72 is 4JI + A ,2. when tbc angle
f:llls ~,,]{~i~l~ Ihc inlr-rv:lls [(). n ] and [0, - 71 ] mntimcd earlier.  ‘tic

pr{~~,,l,lrll \\fill adjust il so tha[ it is within  ti)csc in[crvols.  Wc discuss
[Ilii ill wli:i[  lollo\L,s”

Klltmrnp,  whictl quadrants Ihc liarlh and targcl arc in is ~cn-
LIally noI sut’(lcicl)[ f o r  dc~crmining d,, ,. II [hc Iklr[h aIId K]rsc[
af~  III  IIIC  so[IIc  quadlanls or arc in opposilc quodr ants (1 and [[1
or II aI](l I\~), i[ i \  n o t  clcor whc(hcr (o odd rj)l , [O or  suhtracl  i[
l[t~lll d), [f) clc[crlnlnc the Iongitudc  of the f lare \\, ilh  rcspcc( to
Ihc poinl I lrl (Ilcsc ca\cs, (hc arclongcnt  funct ion i s  used to dc-
Icllllirlc  [Ilc Iclolivr  posilinns  of Ilarc rrnd Iargc[ lwr example, in
Irp 3, a lalp.el it) q~ladranl [11 could h in posi t ion 3 or 4. In pw
si[iorl  3, Itlc  i][l~,lc  llcti~ccn  [IIC  f l a r e  a n d  t is r/J, r$t ,1. tluwcvcr,
il T is a[ l]~jsi[i(m 4. Ihc a n g l e  hc[wcc.n  [tic Iargcl and the flare is
d,, I ~, ,,. N(IIC (Il:lt [Ilis an~,lc falls  rra[sidc.  t h e  prcsclihcd lon:,i-
((ICIIII:II  inlcrv:ll\  ((), 71 ], [(), 7r]. In this case, the alporilhrn  a d d s

?71 lo it~ value so  [tla(  i[ dots fall in onc of[hc. [Ilcscrit]cd inlcr  -
valf II :1 [ar:,t:t  is irl ttic same quadran[  as the Iiar[h,  amhi~Lli(ics
a r i s e  as \\, cil. III Imsil ion 1, (I)c ang[c 13c[wccn [hc flar-c find r is

d)! d)t ,,, \\,ilcrc:is  in position 2 (hc angle. is d)~ + d), ,,. In f:ICL.
il 7 aIId F arc irl quadran(  I, [hen wllcthcr  d~,,, is added to or sut}-
[rac(cd fronl  ~,1 dc.pcnds  upon whc(hcr T’S posi(ion is clockwise.
or ((,l]rlicrclockivisc  IO tllc P- sun p lane.  A l so ,  i f  8 is in quadr’on[  1

arI(l T i~ Irl  quadranl I l l .  (Ilcn  wtlc.ll]cr ~J , , is artdcd  (0 or  sub(ractd

lrolr~  r$,  depend\ on wllcthcr  7‘s posi(ion is coun(crclocktvisc  m
cloc~wlsc  [0 [tic c.xlcnsion of [he 8- sun plane into quadran( Ill.
wc Imw slmu how {hcsc mmhiguitics  arc resolved try use of the
arc[an?, crlt furlc[iorl,  III what follows wc assume that (I, , y,) al-c
IIIC c(mrdillatcs of I;ar[h and (Ir(, y,{) arc [hc corrrdinaks  of T al
p(,5i[l(,ll  ( for I ~ ( s 4. 1[ crrn bc dctcrmincci  thrr( i n  q u a d r a n t

I arc[an(y,, /~r, ) ~ arc[an(yC/l[),  WC cfin use [his in fcrrnl,llion  [0
c(lncl~!(lc [tla( d,, ,, can bc suhtrac[cd from @F [o obtain the corrcc[
arlyll[ol  (~i\[ancc I)c[u,cc[l  z and [br flare w,hcn r is in posi[ ion I.
I(lr(tlcl, l);I.cd  Up(III [lIc  fact that rr[c[an(y,j/~,l)  < armn(y, /.1, ), [Ilc
a[p(~ritl,n]  :Idd\ [IIC angle d,, ,2 10 q+, wt!cn r is in position ~ tO dC -

[crlllinc  lhc allp,lc hc[\vccn lhc tlarc and r?. Using similar reasoning
for  IIlc  Ihil(l quo(lran[. [tic. fac[ lha( arc[an(y,l/.rT,  ) < 8rCtilrl(y, /1, )
call t)c L)scd (o (Ic[crrninc. tha[ the angle. bc[wccn IIIC tar~ct at prr -
Sili{)r]  3 a n d  IIlc Ilarc  IS ~JI  - q+,  ,,. Also, since arctan(~,r, 1x,,) >
arc[ari (y, /~, ), ltIc angle hctwccn  the ffarc and T at position 4 is

(It -1 d), ,4. WC rm’ that the Scorncfrical rcla[ions displayed in the
tig,urcs  arc only cxornplcs  uscct 10 illos(ratc  lcchniqocs that  arc Llscct
in an cxtcr)dcd and modified frmn throughout the irlgori[hr]l  and rc[~-
rcsc[l[ or!ly rr s(ll~sc[ ol whirt has to bc considcrcd, [o dc[crminc the
artg]c  hclv:ccn 7 and 1’ given rnorcgcncral  inilial cofjf]g uratirrrlsof  c.
T, and f

A r]alysi.s

Ilnckp,lotlnd
Irl [hc la\l scc[ion. wc fla\’c an ovcra!t v iew of Ihc s[m[ial (ulcr)

tati(>rl  t]clwccrl lmin[\ III;II  u,crc dclc.rmincd tly tllc F son plarlc ;knd
variouf  r. su~t pl:i{ics  inlcl\ccrin2  I})c solar  cqudl or. In It)is  sccllol~,
uc (Ic[crllllnc  [tic co(lrdlrlti(cs  (JI a n  arl)ilra[y  ‘1 ‘-ptlin[  p,i\, crl Ilic
coordlna[cs (II  aIl ;trl)llrory  pl)ln!  .\. l:ftln)  Il]is, w c  c;lrl Ihcr]  (IIId  :1

general Iorm for [Ire dislanccs bc[wccn Ltlc F. poirr( and [tic. sun ccnlcr.
hclw,ccn a 7 poin[ anti ltjc sur]’.s ccnlcr, all[l hcl\vccn  It]c $ poirll  an(i
[hc T poin[. ‘1’his rnahlc(  ui [0 dc[cr[rline  lhc ar)glc r/J, , bc[w,ccn (IIC
[iar[ll  and r lmir)~: Ihc gcncl<llilcd l)ylh;!~:orcan  ttjcorcln Wc aswmc
Ihzrt the (:ar{csiarr pl~nc  in which atl  compu(atiorls  arc dor]c  has as

ils origin !hc  ccnlcr of IIIC sun wi th  [hc  - t  z  and z  axes  passin~,

rc.spcc[ivcly,  throu@j  [tic nor[li  and sou[h poles of tlIc sun,

I;orltlalation

Give.n that r is an flrbitrary  poinl in space, pmsihty  rcprcscnlinfi
[iar[b c~r any cr[hcr  planet, spacccraf(,  or objcc[ in the solar systcm,
wc firs[ dc[crmine (IIC cqnation of fhc T- sun plane. In our ctmscn
coordina(c syslcn),  ltlcorigirl,  n(lrth pole, and projcc[ion c)f Ihc ccnlcr
of I on [hc .r - y Grr{csian  plane arc atl in the z ptanc, ‘1’hcsc poinls
arcclcno[cd by ((), 0, ()), (O, 0, z,,), and (.[,, , yr, , O), rcspcctivcly.  I“rom
this,  \\,c dcducc [113( ttrc cqualion of Ihc r plane satisfrcs

[f bo[lI I,, and v,, arc (), then T is at (hc  nor(h or soLl[h po]c ~rl(t lhc
Arcllir\lc(lc:ln sc,lar t!,!t)sp(lr[ II IOCICI  dcIcs n(l[ np[)ly  WC III(IS  assnmc
[ha{ lmll I :Irc not \lrll[r l[:[rlrrl[l\l  ycc[(  rot [(1() II I,,  IS oand  l,,  rs no! O,
It]cn T 10, VJ ,). wtwrc u IS IIIC sl~n ol y,,. II v,, is () and ./,, i\
rl(][ (), ltlc[l T : ([r ()), wtwrc 1, is ltIc .si[,ll (JJI,,. ‘t’t)c Ioll(jwir]y
arltlysii  awurnc~  Ltlcrclolc that  nci[hcl 4 ,, 1101 ~,,,  is c(luat  lo (). Slnrc

ll)I\ a\\urllp[lorl  i n  t[llll lrrllllic~ Illa( A  = ~) i t  arid ol)ly  il IJ = f).
wc [hcrcl[~rt’  as~un~c ill~()  [lIa[  A :Ind l; arc lKILI) [lr]cqLlal  10 () In [I)c
al]aly\i\ \vl IIcl I trlll(~ivs

l’coru (IIC pr,cc(lht):  Iml:lgral)h.  !vc can rl(,l rnalifc  (hc coclllclcn[
0( ~ arl[l ot)[:lill

t ( 1,,/.)’,,),)  = 1) (?)

0s (l IL’ cqtr:![i(]rl (11’IIIc,  I I)lart{.  .$lrlcc.  [tic t p[)in[ inlc!wc[s Illc s o l  II

cqLra [or. \vc lIo\,c

\ ~ (/,, /\,,)Y  : (t,,  /Y,, )(:l ,//{?, - .1’) (3)

‘1’hui, (lIc  possrlllc  Lool JInaLcs Ior  [lIc z polrlt alc

(5)

and

r,
\ -1

\/l -1 (J,,/\,,)’
(6)

wtrclc  IIIC pt[li.{~r.rlllrlui  sl$lri are (Jl]c 10 llIc  Iac[ llIa L [tic T I) IJIIC

ln[crwc(\  [hc solar cqua[or in Iwo places. NO(C [bat (Ilcrc arc only
two poir,  01 coordlrwlc\  (a\ opposed 10 Iour)  t)ccansc  from I~q (2)
(Ilc posili~fc ro{~l is Llic(l for v 11” and only if (I)c posilivc  roo[ is u~.cd
for .I WC rw,k.1 c{~rlll~]llc  tlw (Iistancc Iron]  (r,,, Y,,, O) to cxh set (){’
coordirialc\ (~ . y, . O) and (.1 . Y. ( ) ) .  Wllcrc tllc fornlcr  dcn(~lcs
thr  posilivc  roolsol’lirl< (5) and (6), and (Ilc  Ia[(cr {IIC ncp,alivc  roots.
wc ,tler, ct,{){,~c  (tlc  c(,(,rtlrllalc$ [Ilat fcprcscnl  the point th:l[ is closer

10 (a,,, y,,, (t). sir!cc [Ilc dis(ancc,,from  (r,,, y,,, O) m the T-poin[  is
always Icss  [hen lhc (Iis(ancc I’rom (x,, , y,, , ()) 10 the point clireclly

opposite ~llC I -poir![  On tllc solal equator. 1[] rna[hcmatical (crnl\, if
wc dcfrnc
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l’lpurc S  sl)c)ws ll)c v.illdclws  lo! [hc in[ullivc  Ilcn{lnclll  01” Illc
N)I;II  sys[cm ‘1’hc Icf[mns[  window tia$ n ltsllrl~ of [tic rccei\cd
Il;lrc  cvc[ils f’I(In~ Iloul(! cr. I n  (tic  righ[nlos(  wIndo\v, [hr color” (II
c;lctl Arcll]n]cdc:ill  $.I)iral  in(lica  [c\ IIIC Imcn\IIy  of” IIIC pI(II(II1\  ~()

IIIS  llon~  Slln [n  planc[.  l;l~,urc 6 prcwn[< n]nrc deloilcd IIUX Inl(II-
Il)olion  rcla[ing,  (0 Oarc cvcnls. I  Ic rc flux -vs-(irnc  graphs ~lrc dis-
played for wrinus user-sclcclcd plancls  and prcrlrm energy mrgcs
l’lnally,  I’IR 7 displays (IIC continuous nmvcmcn( olpar[iclcs  in Iirnc
IhI(NI&I.lIn  UI (IIC snlor  sysIcn~.  A cnpahiti[y  for display irrp, (IIC  wtrious
orl)ilal  plnncs cxisls as \vcll. l’hc solar cqun(or  nnd [hc F- sun plmnc
aIL~ displayed

Comparisons with Real I)ata
(’nmpulcd  IImximal  values of Ihc flux :]s compnrcd  with lhosc

nlcasurcdt~y actual  spnccmrf( at varying posi[ions  with rc.spccl to(hc
sun arc stlown in ‘1’able 1, Spacecraft distances from the sun ranged
from () 77 m 1.S2 AU.  “1’hc dif(’ercn[ial flux value.s arc mcasurccl in
prolon.slcllj2 s sr McV, and cortcsponcfingly  the. intc:,rfil  flux is
mmsurcd i n  proKms/cn12 s  sr, “1’hc actual  fltrrc an:,lc  w’i[h rcspcc[
{n [hc f:ar[h sun Iinc was given by N O A A  al Dou]dcr. ‘1’hc fhrc
cxllopololion  algori[hmusccl the spacccraf[ lrajcc(ory (ocrmpu[cthc
ISI’ nn[,lc, subwqucn(ly  dcrivirrg  the nn.glc hc.[wccn [hc spaccciaf[
ond Ilorc “1’al~lc  I rcprcscnts all cnscs in which wc were atrlc 10
(hlain  sulliclcn(  Ilnrc anti spacecraft dalo tcrr conlpfirison.”  12 ‘d “1’hc
cOmpu[c(l  wlucs ar~:  in acccrrdancc with Ihc cxpcclcd Occllrficy  cr!
[hc Sn)oIl  Shcil  model.

Conclusions
\Vc II:IYC cic~,clopcd  2 syslcm Itlol dircc(ly rcccivcs  (!:112 Ir(llll

N O A A  \ In III(XICIII aIId (ISCS cphcmcris  da[(I (n prc(l[(’(  (tic cfl’ccI$
(J1  sl)l; Il I]orci on ltlc p l ane ts  and spiiccctof(  (nCilr IIlc solar cqu:I-
([)[ )  ()[ [IIC Inl]cr hcliosphcrc [ixpc[illlclllnli(~ll V.fi(h llIc mcrdcl’s

u n d e r l y i n g  pfcdicli\’c  c:lp:lbili(y  21 olhcr points of Ihc sol:lr sys  -
[CIII is possilllc ;11s0,  al(hou~h  (hc accuracy 01 (IIC compu[d fluxes
ii nnl  putiran[  cccl III [ h i s  rc~icm “l’tic syslcm  allows  its inpul w-r-
cx)lls[ruc[cd Il;lrc  c\Jcn(s or thcrsc on r e c o r d  os scnl hy NIOAA  10

(ICICI Illitlc  wlial  f luxes \vill rcsull, bc they in [he  pos(  or in ltlc (’(1-
IIIIC  Cij,![ltllc:ll USC I in[crloccs  (ogctlier w!i[h  manipl\l:!hlc \,icws  01

IIIC s(}la I syslcn] and  colnr  c o d i n g  o f  p[o[oll f lux pdtlls Iaci!i[otc
rxl)rlilllc[llfi{i(}li  wilt]  irm’rdcpcndcn! paramclcrs. “1’his allows  dc-
Ic[ II II II;  II I(JII  nl  lIIIw,  nn  allclati(m of the i r  v;ilucs causes  vdrix(inns
(III  (IIC  ctIIIIIIulc(l  (Ils(ri(m(  ion ovc.r [imc of solar p:lr(iclcs  al vori(tus
p(lir](~  [Ilrou:l)ou(  IIIC snlar sys[cm  “1’hc  accur:lcy  of Ihc nmdcl  IISS
Ilrcll  (lclll(lll\ll’ltc(l,
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